FINITE PRANDTL NUMBER CONVECTION WITH NEARLY INSULATING BOUNDARIES
N
I. Introduction
In two recent studies of finite amplitude convection in a layer with nearly insulating boundaries Busse and Riahi [3] and Riahi [4] , it was 340 N. Riahi from rolls to square cells and vice versa. An important result of the present study and in sharp contrast to the corresponding problem with isothermal boundaries (Schluter et at [5] ) is that the heat transported by the preferred stable flow pattern exhibits a non-monotonicity behavior with respect to P at a given Rayleigh number if in a low Prandtl number fluid. The background, motivation and derivation of the governing equations for the problem can be found in [3] and [4] . Consequently the governing equations are derived briefly in Section II and only the essential details of the finite amplitude convection are given and discuss discussed in Section III.
II. Governing equations
We consider an infinite horizontal layer of fluid of depth d bounded by two infinite half spaces with the thermal conductivity X which is assumed to be small compared to the thermal conductivity X of the fluid. 
Finite Prandtl n u m b e r c o n v e c t i o n value, R = a[T -T )gd p e/vX is the Rayleigh number, p = vp cX~ is the
Prandtl number, p is the reference density, a is the specific heat at constant pressure, a is the coefficient of thermal expansion, v is the kinematic viscosity, g is acceleration due to gravity and A-is the horizontal Laplacian.
Following [3] , the boundary conditions for v and 8 are The reader is referred to the recent review of the problem of thermal convection, Busse [2] , for details on the subject.
III. Finite amplitude convective motion
Since the linear problem of the present study is identical to that discussed in [3] , it is found again that the value a which minimizes R 1/3 p 2 is proportional to a . Thus it is assumed that a = n Y , where
and r\ is of the order unity for the convection modes of physical interest. We then seek solutions in terms of a double series in powers of y and e : As we mentioned above, the linear analysis has already been discussed in [3] . It was found in D3] that
The detailed analysis of the nonlinear problem in [3] and [4] 2 3 2 indicates that only the solutions in the orders z y and e y are needed to form the necessary solvability conditions. It was found in [3] that 6_ was the significant solution which was needed in the nonlinear analysis, while V and V were found in [4] to be significant.
Keeping the necessary leading order terms in P , it is found that 6 2 has essentially the same expression as in the case discussed in [4] , except a factor of P which is resulted from the present non-dimensionalization (2) procedure. 9 is found to be insignificant, and the expressions for vr and v\ are essentially the same as in the case discussed in [4] .
Their expressions are lengthy and are not given here. Since we are interested in discussing the solutions for arbitrary P it is found that the expression
is turned out to be the largest non-zero term, in the nonlinear domain (m > 1) , in the expansion (5) It is clearly seen from (13) that, in contrast to the case discussed in 2 [3] , rolls exhibit a higher heat transport than hexagons. For p » y , square cells transport more heat than rolls. The situation is reversed for p « Y . For p = 0(y) , we must compare (13a) and (13b). We find that square cells transport more heat than rolls, provided
otherwise, rolls transport more heat than squares. Another interesting result which can be derived from (13) is that the heat transport exhibits a a non-monotonicity behavior with respect to p at a given R . For 
